ABSTRACT. We investigated the diet content and properties of blood and milk in 11 pairs of Japanese Black cows and their calves for the one month following delivery. Four pairs (group A) had been no cases of white diarrhea during the year prior to this study, and 7 pairs (group B) had been a high occurrence of white diarrhea in calves during the same period. Properties of dams' diet in groups A and B before the onset of white diarrhea in calves were as follows: TDN fullness rate 98 ± 2% vs. 110 ± 5%, DCP fullness rate 151 ± 2% vs. 200 ± 33%, and starch content 5 ± 2% vs. 14 ± 3%. Blood and milk samples were collected from cows weekly and at the onset of white diarrhea in calves. No calves in group A had white diarrhea, while 5 out of 7 calves in group B had the diarrhea in this study. All cows were fed mixed hay, but 3 out of 5 cows whose calves had white diarrhea had been additionally given 3.0-3.5 kg of corn-silage a day from 4-5 days before onset. In all cows in the white diarrhea development group, the fat content of milk increased by 2.94 ± 1.82% at the day of onset in comparison before. Serum TG and BUN, respectively, increased by 3.8 ± 1.3 mg/dl and 3.7 ± 2.0 mg/dl. Feeding cows a lowstarch diet and additional corn-silage may induce a transient increase in blood TG, BUN and milk fat, which may contribute to the occurrence of white diarrhea in calves. [5, 6] were possible causes of non-infectious white diarrhea.
Major causative organisms of white diarrhea in calves are Escherichia coli, rotavirus, and coronavirus [1] . However, Allen and White [2] reported that microbiological examination could not identify the cause of illness in 33% of calves with enteritis. Several reports indicated that food allergies [4] , lactose tolerance [12] , the constitution of fatty acids in milk replacer [3] , and prolongation of the coagulation time of milk casein [5, 6] were possible causes of non-infectious white diarrhea.
We reported that Japanese Black grazing cows in whose calves white diarrhea occurred showed a negative energy balance, acceleration of fatty acid metabolism, and abnormal condition of the rumen [9] . Properties and components of the milk of these cows were differed slightly from those of cows whose calves did not develop white diarrhea [9] . An examination of the metabolic profile of Japanese Black cows showed that cows whose calves developed white diarrhea at a high incidence were fed a low starch diet during the lactation period, and that the capacity of the liver to excrete fats was low and the condition of the rumen was abnormal [11] . However, it is not yet known whether white diarrhea in calves is related to the magnitude of fullness in cows in terms of energy or starch uptake. The purpose of this study is to clarify the relation between changes in blood and milk in cows and development of white diarrhea in their calves.
MATERIALS AND METHODS

Cows and content of supplied diet: Eleven pairs of
Japanese Black cows that had experienced two or more deliveries and their calves were selected. Four pairs (group A) were kept in barns at farms where there had been no occurrences of white diarrhea during the year prior to this study, and 7 pairs (group B) were kept in barns at farms where there had been a high occurrence of white diarrhea in calves during the same period. Cow diets were analyzed by the method of near infrared radiation and evaluated according to Japanese Feeding Standard [8] . The values were calculated by assuming that a mother excretes 7 kg/ day of milk [8] and that the fullness rate of dry matter reaches 100%.
Sampling and measurement: Cow blood and milk were collected weekly from the 4-9th postpartum day to the 4th week after delivery, and when calves developed white diarrhea. Blood was drawn through the cervical vein by vacuum tubes with added serum separator. Serum was immediately separated from the blood, stored in a refrigerator, and measured within 24 hr. The items analyzed in cow serum were total cholesterol (Tcho), triglyceride (TG), albumin (Alb), blood urea nitrogen (BUN) and glucose (Glu) determined by MATSuper kit (MC Medical Inc., Ltd., Tokyo), calcium (Ca) determined by Iatro-Fine kit (Iatron Co., Ltd., Tokyo), inorganic phosphorus (iP) by Biancolle kit (Toyobo Co., Ltd., Osaka), free fatty acids (FFA) by Nescort kit (Nippon Shoji Co., Ltd., Tokyo), β lipoprotein (β lipo) by β LP/AR kit (Wako Pure Chemical Industries, Ltd., Tokyo), and β hydroxybutyric acid (BHB) by Serotec Ketone-H kit (Serotec Co., Ltd., Sapporo).
Immediately after injecting 50 units of oxytocin (ATONIN-O: Teikoku Hormone MFG. Co., Ltd., Tokyo) into the cervical vein, four quarters were milked as much as possible. The pH level of milk from four quarters was examined by the glass electrode method. The possibility of mastitis was tested by the modified CMT method. Concentrations of fats, proteins and sugars were examined by Mirko-Scan 133B (Foss Electric Co., Ltd., Copenhagen). Statistical analysis was performed by t-test and the Smirnov test.
RESULTS
Diet and development of white diarrhea:
No calves in group A developed white diarrhea, but 5 out of 7 calves (71.4%) in group B developed white diarrhea during the 7-27 days following delivery. All cows were fed mixed hay with main components of timothygrass and orchardgrass, but 3 out of 5 cows whose calves developed white diarrhea had been additionally given 3.0-3.5 kg of corn silage a day starting 4-5 days before the onset of white diarrhea. Table  1 shows the diet content around the 10th postpartum, and the occurrence of white diarrhea in calves. Around the 10th postpartum day (or before giving corn silage), the fullness rate of diet in group B was 98 ± 2% (mean ± S.D.) for TDN, 151 ± 2% for DCP, and 5 ± 2% for starch concentration, and in group A was 110 ± 5% for TDN, 200 ± 33% for DCP, and 14 ± 3% for starch concentration.
Blood chemistry: No differences between group A and B were seen in averages for any of the investigated items (Table 2 ). When the composition of blood collected from cows in group B on the day of onset of white diarrhea was investigated independently (Table 3) , it showed increases in TG by 2.5-6.0 (3.8 ± 1.3) mg/dl and in BUN by 0.7-5.5 (3.7 ± 2.0) mg/dl in all cows before the onset of white diarrhea (Nos. 2, 3 and 4 were 1 day before onset, and Nos. 1 and 5 were 2 days before onset). TG levels in 4 out of 5 cows when their calves developed white diarrhea were higher than the level of mean plus S.D. in each cow after delivery. The TG value of cow No. 4 was rejected due to an extreme value according to the Smirnov test (p<0.05). BUN levels in all cows when their calves developed white diarrhea were higher than the level of mean plus S.D. in each cow after delivery. The BUN values of Nos. 1, 3 and 5 were rejected due to extreme values according to the Smirnov test (p<0.05). No significant differences before and after onset were seen in any other of the investigated Four pairs (group A) had been no cases of white diarrhea during the year prior to this study, and 7 pairs (group B) had been a high occurrence of white diarrhea in calves during that period. Data are expressed as mean ± (S.D.). Numbers of sampling days between before and just after onset of white diarrhea were one day (Nos. 2, 3, 4) and 2 days ( Nos. 1, 5). a) The contents for the day of white diarrhea deviated from the range between mean-S.D. and mean+S.D. in each cow (Table 4) . b) This value was rejected based on the contents of samples on other days of each cow by the Smirnov test (p<0.05). c) This value was rejected based on the contents of samples of same age group (Table 4) by the Smirnov test (p<0.05).
items.
Examination of milk:
No cows were diagnosed as having mastitis by the modified CMT test for milk. The pH levels in cows of group A ranged from 6.5 to 7.0, but the pH level in cows of group B tended to be slightly lower and fluctuated widely ( Table 4 ). The coefficient of variation in pH level in individual cows of group B (3.81 ± 3.17) was significantly higher than in group A (1.25 ± 0.34). No differences between group A and group B was seen in other items. However, an examination of daily changes in milk content for independent cows in group B showed increases in milk fat by 0.82-6.24 (2.94 ± 1.82)% and decreases in lactose by 0.09-1.39 (0.54 ± 0.51)% in all cows before the onset of white diarrhea (Nos.2, 3,4 were 1 day before onset, and Nos.1, 5 were 2 day before onset) ( Table 5 ). Milk fat levels in 3 out of 5 cows when their calves developed white diarrhea were higher than the level of mean plus S.D. in each cow after delivery. The milk fat value of cow No. 4 was rejected due to an extreme value according to the Smirnov test (p<0.05). Lactose levels in 3 out of 5 cows whose calves developed white diarrhea were lower at onset day than the level of mean minus S.D. in each cow after delivery. No significant differences before and after onset of white diarrhea were seen in any other investigated items.
DISCUSSION
Concerning the relationship between cow diet content and the occurrence of white diarrhea in calves, the cows of group A was fed appropriately in terms of TDN and starch. The fullness rate of TDN (p<0.05) and starch concentration (p<0.01) in group B was significantly lower than in group A. The incidence of white diarrhea in calves was higher in group B (71.4%) than group A (0%). We described in a previous report that when lactating Japanese Black cows were kept on a low starch diet and their metabolic profile displayed insufficient energy, the incidence of white diarrhea in calves ranged between 27.2-61.9% [11] . In contrast, white diarrhea did not occur in calves whose mothers were well nourished [11] . Similar results were obtained in the present study. All calves developed white diarrhea when the starch concentration in their mothers' diets were less than 7%. The levels of TDN in group B was lower than group A. This suggests that the starch concentration in the diet of lactating cows may have a serious effect on the occurrence of white diarrhea in calves. The difference of fullness rate of DCP between group B and group A was not significant.
Secondly, we examined the blood composition of cows to clarify the effects of differences in diet content on metabolism. The blood TG of cows suddenly increased on the day when their calves developed white diarrhea. This may be due to an increase in the fat uptake from the intestinal tract [13] accelerated excretion of lipoproteins from the liver, or depression of lipoprotein metabolism due to a reduction in lipoprotein lipase activity. Depression of lipoprotein metabolism decreases the supply of TG to the mammary glands, which results in a decrease in the fat content of milk [7] . But in this study the fat content in the milk increased. The possibility of excretion of lipoproteins from the liver was low. Therefore, it is considered that the elevated TG and BUN levels were due to increases in uptake of fat and protein.
The causes of increase in uptake of fat and protein were reexamined from the viewpoint of feeding. Cows were fed mainly dry hay, but 3 out of 5 cows whose calves developed white diarrhea had been additionally given 3.0-3.5 kg of corn silage a day from 4-5 days before the onset of white diarrhea, which slightly improved the low energy status of the cows. Such improvement or a dramatic change in the condition of the rumen associated with changes in diet may increase the uptake of fat and protein, resulting in increases in blood TG and BUN. However, the fat and protein content in corn silage is low, and thus changes in nutrition were unlikely to have induced a marked increase in blood TG. There is a possibility that propionic acid from starch in corn directly effected the TCA cycle, which improved energy metabolism. However, this idea hardly explains the increase in BUN. Thus there must be another reason for the increase in TG and BUN. Moreover, there was no change in diet given to the cow whose calf developed white diarrhea on the 7th postpartum day. The occurrence of white diarrhea may be related with physiological changes that occurred after delivery, such as in the volume of milk excreted and milk constitution. Feeding cows with corn silage may simply be a trigger for development of white diarrhea. As described above, there are several possible causes for the changes in blood constitution in cows that were seen when their calves developed white diarrhea, but a direct cause was not determined.
The effects of changes in blood compositions on milk were investigated. The low-level changes in pH of milk in group B may be related to excretion of ketones, since cows in this group were fed a low energy diet. However, no changes were seen in blood BHB or milk pH at the onset of white diarrhea. Thus, the excretion of ketones is not likely to be the direct cause of white diarrhea. Lactose tolerance [12] may not be involved in development of white diarrhea, since lactose content decreased in all cows when calves developed white diarrhea. A dramatic increase in blood TG may induce a dramatic increase in milk fat at the onset of white diarrhea, which may directly induce white diarrhea (steatorrhea) in calves.
Increases in the milk fat rate in cows may well induce an increase in blood TG in calves taking the milk from the cows. In this study we did not perform blood chemistry tests on calves. However, we found in a previous study that 6 out of 18 calves showed blood TG values that were significantly higher than those of healthy calves of the same week age [10] . This could not be explained by the conventional idea that white diarrhea is a kind of indigestion caused by infectious inflammation of the intestinal tract. White diarrhea may be the result of uptake of high-fat milk, as seen in this study.
In conclusion, white diarrhea frequently occurred in calves whose mothers were fed a low-starch diet, especially 4-5 days after initiating the supply of corn silage. The pH level of milk in cows whose calves were developing white diarrhea fluctuated. Transient increases were observed in blood TG, BUN and milk fat in cows on the day when their calves developed white diarrhea. These changes may be possible causes of white diarrhea in calves.
